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ABSTACT

This paper presents the design and test report for high current switching power supply
initial, rectifier and filter circuit changing the altemating current 220 Volts 50Hz line to direct
current 310 Volts. Subsequently, the direct current convert to high Frequency pulses (60 KHz) by
IGBT Which inside are full-bridge converter circuit and control switching characterized by
SG3525, the pulse width modulator control finally, high current switching power supply has

output of 50 Volts and 60 Amps high current switching. This application can be used later,
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TOSHIBA GTB0M303

TOSHIBA INSULATED GATE BIPOLAR TRANSISTOR SILICON N CHANNEL IGBT

GT60M303

Unit: mm
HIGH POWER SWITCHING APPLICATIONS
20SMAX. ; ¢13.3£02
IZ¢EE
® The 4th Generation = 2
® FRD Included Between Emitter and Collector b — _r§
® Enhancement—Mode E '!I‘I's' o § "
® High Speed IGBT :tf=0.26ps (TYP.) ' #
FRD :trr =0.7ps (TYP) - ®
® Low Saturation Voltage : VCE (sat) = 2.1V (TYP.) 1oted, g
5.45£0.15,, 5.4520.15
MAXIMUM RATINGS (Ta = 25°C) %o g
5
@ P e B
CHARACTERISTIC SYMBOL RATING UNIT e — DT
r
Collector-Emitter Voltage VcEs 800 \'
1. GATE
Gate—~Emitter Voltage VGES £25 v 2. COLLECTOR (MEAT SINK)
Coltector Current A
ims lep 120 JEDEC —
Emitter—Collector DC lecF 15 A JEITA —
Foward Current 1ms T 120 TOSHIBA 2=21F2C
Collector Power Dissipation p 170 W Weight :9.759
(Tc = 25°C) c
Junction Temperature Tj 150 °C
Storage Temperature Range Taty -55~150 °C
Screw Torque - 08 N'm
EQUIVALENT CIRCUIT
© Collector
Gate o—’K}
O Emitter

1 2002-02-06



TOSHIBA GT60M303
ELECTRICAL CHARACTERISTICS (Ta = 26°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN | TYP. | MAX | UNIT

Gate Leakage Curtent lges VGeE =25V, Vg =0 — —_ 1500 nA
Collector Cut—off Current lces Vee =900V, V=0 - — 1.0 mA
Gate—Emitter Cut-off Voltage VeE (oFF) |lc =60mA, Vcg =5V 3.0 — 6.0 Vv
Caollector-Emitter Saturation Voitage VCE (sat) (1) }lc =10A, Vg = 168V —_— 1.6 22 v
Collector-Emitter Saturation Voitage VCE (sa (2) |lc = 60A, Vgg =15V - 21 27 v
Input Capacitance Cies Vee =10V, Vge =0, f= 1MHz - 3800 —_— pF

Rise Tima tr — 0.35 | 060
Swiching Time Tum—On Time ton 15V o_%{l_.ﬁ }% — |0 o | o

Fall Time y 0 . — | 025 | 040

Tum—Off Time toft 800V — | 060 | 070
Emitter-Collector Forward Voltage VECF lec = 16A, Ve =0 -— 1.5 20 v
Reverse Recovery Time tr :1F| fd‘:s:‘;;gf ‘,=ug - 07 | 25 us
Thermal Resistance Rihg-¢ |IGBT - — | 074 |°Cciw
Thermal Resistance Rth -0) Diode —_— —_ 40 |°CIW

2 2002-02-06



TOSHIBA GT60M303
0 Ic — VCE 0 VCE ~ VGE
—
COMMON 20 ff15 | /10 e COMMON EMITTER
~ 7 «a
3 | mermER / / 9.5 g, Te=—40°C
) Te=26"C // / 1 8
Y <
E 0 /I / / | . g 8 80
: = :
[+ ] =2 60
e 40 E 4 "
g — i 304
3 - 8
20 - 2f —
g VGE=1TV § Ip=10A
0 l ] 8 ol | I
1] 1 2 K] 4 [ 0 4 8 12 16 20 24
COLLECTOR-EMITTER VOLTAGE Vgg (V) GATE-EMITTER VOLTAGE Vgg (V)
VCE - VGE VCE — VGE
s 10 E 10
COMMON EMITTER - COMMON EMITTER
§ Te=25C ;3 Te=125°C
8 8
8 8
ﬁ B0 ﬁ 80
3 2 6
> T~ 60 > g
E - 30 4]
4 E 4 w
2 20-]' 5 \'"
g ] g L
5 Ig=104 g Ic=10A
2 0 |1 8 0 Pl
(] 4 B 12 16 20 24 0 4 3 12 16 20 24
GATE-EMITTER VOLTAGE Vgg (V) GATE-EMITTER VOLTAGE Vg (V)
VCE — VGE VCE (sat) — Te
100 4
COMMON EMITTER / } - COMMON EMITTER
= [=]
3 8 Vog=8V FE VGE=18V
) i1 % 3 19
/ { / gg "] 60 |
& 71 2§ ]
/17 E’ 2 80
[ &)
2 40 / / / ga
: =] = =
/ Eé 1 Ic=10A
g 20/ / §>‘
8 Te=2125°C / ‘/-—'40 8
¥ —]
o l )
0 2 4 [} 8 10 —40 0 40 80 120 180

GATE-EMITTER VOLTAGE VGg (V)

CASE TEMPERATURE Te¢ (C)
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TOSHIBA

GT60M303

(X10V)

VGg (V)

COLLECTOR-EMITTER VOLTAGE VCg

GATE-EMITTER VOLTAGE

SWITCHING TIME (us)

COLLECTOR CURRENT Ic (&)

VCE, VGE -~ QG

20 7
/ COMMON
/ EMITTER
16 VCE=150V Rp =250
/ Te=25°C
12 /
8 A™Y
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TOSHIBA GT60M303

RESTRICTIONS ON PRODUCT USE 000707EAA

» TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the *Handling Guide for Semiconductor Devices,” or "TOSHIBA Semiconductor Reliability
Handbook® etc..

s The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause less of human life or
bedily injury (“Unintended Usage™). Uninlended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk.

e The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other
rights of the third parties which may resuit from its use. No license is granted by implication or otherwise under
any intellectual property or other rights of TOSHIBA CORPORATION or others.

e The information contained herein is subject to change without notice.
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@ MOTOROLA

Pulse Width
Modulator Control Circuits

The SG3525A, SG3527A pulse width modulator control circuits offer
improved performance and lower external parts count when implemented for
controlling all types of switching power supplies. The on—chip +5.1 V
reference is trimmed to +1% and the error amplifier has an input
common-mode voltage range that includes the reference voltage, thus
eliminating the need for external divider resistors, A sync input to the
oscillator enables multiple units to be slaved or a single unit to be
synchronized 1o an external system clock. A wide range of deadtime can be
programmed by a single resistor connected between the C1 and Discharge
pins. These devices also feature built-in soft—start circuitry, requiring only an
extemal timing capacitor. A shutdown pin controls both the soft—start circuitry
and the output stages, providing instantaneous tum off through the PWM
latch with pulsed shutdown, as well as soft-start recycle with longer
shutdown commands. The under voitage lockout inhibits the outputs and the
changing of the soft—start capacitor when V¢ is below nominal. The output
stages are totem—pole design capable of sinking and sourcing in excess of
200 mA. The output stage of the SG3525A features NOR logic resulting in a
low output for an off-state while the SG3527A utilized OR logic which gives a
high output when off.

® 8.0V to 35V Operation

5.1V £ 1.0% Trimmed Reference

100 Hz to 400 kHz Oscillator Range
Separate Oscillator Sync Pin

Adjustable Deadtime Control

Input Undervoltage Lockout

Latching PWM to Prevent Multiple Pulses
Pulse—by—Pulse Shutdown

Dual Source/Sink Outputs: £400 mA Peak

Representative Block Diagram

16
Vrat 0———T——D Yo Intsma) i
| | Referenca Y

Undar-
Yoltege
Locxkout

Ragulator

Order this decument by SG3525A/D

SG3525A
SG3527A

PULSE WIDTH MODULATOR
CONTROL CIRCUITS

SEMICONDUCTOR
TECHNICAL DATA

N SUFFIX

PLASTIC PACKAGE

CASE 648

DW SUFFIX

PLASTIC PACKAGE

CASE 7518
{SO-16L)

PIN CONNECTIONS

(18] Vet

[15]vee
14 | Output B
[13]ve

[ 12] Ground

[ 11] outputA
[ 10 ] Shutdown

Soft-Start 9 | Compensation
(Top View)
ORDERING INFORMATION
Operating
Davice Temperature Range Package
SG3525AN Plastic DIP
SG3525ADW | Ta =0°10 +70°C S0-16L
SG3527AN Plastic DIP
® Motorola, inc. 1998 Rav 2




MAXIMUM RATINGS (Note 1)

S$G3525A SG3527A

Rating Symbol Value Unit
Supply Voltage Vee +40 Vdec
Collector Supply Voltage Ve +40 Vde
Logic Inputs -0.3t0+55 v
Analog Inputs -33t0Vee v
Output Current, Source or Sink lo 500 mA
Reference Output Current Iref 50 mA
Oscillator Charging Current 5.0 mA
Power Dissipation (Plastic & Ceramic Package) Pp mW
Tp = +25°C (Note 2) 1000
Tg =+25°C (Note 3) 2000
Thermal Resistance Junction-to—-Air Raga 100 ‘Ciw
Thermal Resistance Junction-to—Case RpJc 60 “Ciw
Operating Junction Temperature Ty +150 °c
Storage Temperature Range Tstg -55to +125 °C
Lead Temperature (Soldering, 10 seconds) Tsolder +300 °c
NOTES: 1. Velues beyond which damage may cccur.
2. Derate at 10 mW/°C for amblent temperatures above +50°C.
3. Derate at 16 mW/C for case temperatures above +25°C.
RECOMMENDED OPERATING CONDITIONS
Characteristics Symbol Min Max Unit
Supply Voitage Vee 8.0 35 Vvde
Collector Supply Voltage Ve 4.5 35 Vde
Output Sink/Source Current lo mA
(Sleady State) 0 100
(Peak) 0 1400
Reference Load Current ref 0 20 mA
Osclllater Frequency Range fosc 0.1 400 kHz
Osclllator Timing Reslstor RT 2.0 150 kQ
Osclilator Timing Capacitor Cr 0.001 0.2 wF
Deadtime Resistor Range Rp 0 500 Q
Operating Ambient Temperature Range Ta o] +70 °C

APPLICATION INFORMATION

Shutdown Options (See Block diagram, front page)

Since both the compensation and soft-start terminals
(Pins 9 and 8) have current source pull-ups, either can
readily accept a pull-down signal which only has to sink a
maximum of 100 pA to tum off the outputs. This is subject to
the added requirement of discharging whatever external
capacitance may be attached to these pins.

An alternate approach is the use of the-shutdown circuitry
of Pin 10 which has been improved to enhance the available
shutdown options. Activating this circuit by applying a
positive signal on Pin 10 performs two functions: the PWM

latch is immediately set providing the fastest tum-off signal to
the outputs; and a 150 pA current sink begins to discharge
the extemnal soft-start capacitor. If the shutdown command is
short, the PWM signal is terminated without significant
discharge of the soft-start capacitor, thus, allowing, for
example, a convenient implementation of pulse-by—pulse
current limiting. Holding Pin 10 high for a longer duration,
however, will ultimately discharge this external capacitor,
recycling slow tum-on upon release.

Pin 10 should not be left floating as noise pickup could
conceivably interrupt normal operation.

MOTOROLA ANALOG IC DEVICE DATA



SG3525A SG3527A

ELECTRICAL CHARACTERISTICS (V¢ = +20 Vdc, Tp = Tigw to Thigh [Note 4], unless otherwise noted.)

Characteristics | symboi | Min | Typ J Max r Unit ]
REFERENCE SECTION
Reference Output Voltage (T ) = +25°C) Vref 5.00 5.10 5.20 Vdc
Line Regulation (+8.0V £V £ +35 V) Regling - 10 20 mv
Load Regulation (0 mA < I < 20 mA) Regjgad - 20 50 \Y
Temperature Stability AVyffAT - 20 - mVv
Total Output Variation AVyef 4.95 - 5.25 Vdc
Includes Line and Load Regulation over Temperature
Short Circuit Current Isc - 80 100 mA
(Viet =0V, T = +25°C)
Output Nolse Voltage (10 Hz < f < 10 kHz, T, = +25°C) Vn - 40 200 | pVims
Long Term Stability (T = +125°C}) (Note 5) s - 20 50 | mVikhr
OSCILLATOR SECTION (Note B, uniess otherwise noted.)
Initial Accuracy (T = +25°C) - +2.0 6.0 %
Frequency Stability with Voltage Alage - +1.0 2.0 %
(+8.0VsVec<s+35V) D vee
Frequency Stability with Temperature AMosc - +0.3 - %
o1
Minimum Frequency (Rt = 150 k&, C1 = 0.2 pF) fmin - 50 - Hz
Maximum Frequancy (Rt = 2.0 k©, CT = 1.0 nF) fmax 400 - - kHz
Current Mirror (IRT = 2.0 mA) 1.7 2.0 22 mA
Clock Amplitude 3.0 35 - Vv
Clock Width {T = +25°C) 0.3 0.5 1.0 us
Sync Threshold 1.2 2.0 2.8 A
Sync Input Current (Sync Voltage = +3.5 V) - 1.0 2.5 mA
ERROR AMPLIFIER SECTION (Vo = +5.1 V)
Input Offsat Voltage Vio - 20 10 mv
Input Bias Current B - 1.0 10
Input Offset Current lio - - 1.0 A
DC Open Loop Galn (R 2 10 MQ) AyoL 80 75 - d8
Low Level Output Voltage VoL - 0.2 0.5 v
High Level Cutput Voitage VOH 38 5.6 - v
Commen Mode Rejection Ratio (+1.5 V< VoM < +5.2 V) CMRR 60 75 - dB
Power Supply Rejection Ratlo (+8.0 V<V < +35V) PSRR 50 60 - dB
PWM COMPARATOR SECTION
Minimum Duty Cycle DCmin - - 0 %
Maximum Duty Cycle DCmax 45 49 - %
Input Thresho!d, Zero Duty Cycle (Note 6) Vih 0.8 0.9 - v
Input Threshold, Maximum Duty Cycle (Note 6} Vth - 33 3.6 v
Input Blas Current R ]:1 - 0.05 1.0 |. pA

NOTES: 4. Tioy, = 0° for SG3525A, 3527TA  Thgh = +70°C for SG3525A, 3527A

5, Since long term stabllily cannot be measured on each device before shipment, this specification Is an engineering estimate of averags stability

from lot to loL.

8. Tested at fpgy = 40 kHz (R = 2.6 kQ, C1=0.01 uF, Rp = 0Q).

MOTOROLA ANALOG IC DEVICE DATA



SG3525A SG3527A

ELECTRICAL CHARACTERISTICS (Continued)

[ Characteristics { symbol | Min | Typ | Max | umn |
SOFT-START SECTION
Soft-Start Current (Vshutdown =0 V) 25 50 80 PA
Soft-Stant VO"HQB (Vshutdown =20 V) - 0.4 0.6 v
Shutdown Input Current (Vghutdown = 2.9 V) - 04 1.0 mA
OUTPUT DRIVERS (Each Output, Voc = +20 V)
Output Low Level VoL v
(lsink = 20 mA) - 0.2 0.4
(!sink = 100 mA) - 1.0 20
Output High Level VOH v
{lsource = 20 mA) 18 19 -
{lsource = 100 mA) 17 18 -
Under Voltage Lockout (V8 and V9 = High) VUL 6.0 7.0 8.0 v
Collector Leakage, Vc = +35V (Note 7) Ic(leak) - - 260 pA
Rise Time (C_ = 1.0 nF, Tj = 25°C) tr - 100 600 ns
Fall Time {C__= 1.0 nF, T; = 25°C) t - 50 300 ns
Shutdown Delay (Vpg = +3.0 V, Cg =0, T = +25°C) tds - 02 0.5 ns
Supply Cumrent (Vg = +35 V) lce - 14 20 mA
NOTE: 7. Applies to SG3525A only, due to polarity of output pulses.
Lab Test Fixture
r-——-""">"~>"F"~>~"~>">">"">=""7""™"™"=— 'i
Vi
Qu T ﬁ:l‘- Referenco Reguletor | 48+ -0 vee
ook T : I T
Y Flop
i JE oy =
) mE o
r'.; 1.0k - RT l ¢ A @ O
$1 5 Deadlime | : | 1.0k 1 o-
.—-D—- a - + o I
0.000 Ramp w t { @ o
—i—o 1000 5. 0 | o—4
—— — r
+—{l—o | . 14 =
0.1 = 0.001 I B =
|
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RT, TIMING RESISTOR (kQ2)

Ayo. VOLTAGE GAIN (dB)

SG3525A SG3527A

Figure 1. Oscillator Charge Time versus RT
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SG3525A SG3527A

Figure 7. SG3525A Output Circuit
(1/2 Circuit Shown)
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Figure 8. Single—Ended Supply

o—

Far single-ended supplies, the driver outpuls are grounded,
The Vi terminal is switched to ground by the totem—pole
source transistors on altemats oscilator cycles.

Figure 10. Driving Power FETS
O——e

+Vsupply A1
13 1 1 T
Ve A H ||
SG3525A
14 a2
Gnd B

The low scurce impedance of the output drivers provides
rapid charging of power FET input capacitance while
minimizing external components.

Figure 9. Push—Pull Configuration
[+,
+Vsupply

R1

13
Vc A

Inconventional push—pull bipolar designs, forward base driveis
controlled by R1-R3. Rapid tum—off times for the power
devices are achleved with speed—up capacitors C1 and C2.

Figure 11. Driving Transformers in a

Half-Bridge Configuration
o—
*Vsupply ,_J
Q1 |\
T — c1
13 2
R1 | 4
Vo A n o, —
SG3525A a2
14 ﬁ
| B c2
12 R2
o— [ ]
L

Low power transformers can be driven directly by the SG3525A.
Automatic reset occurs during deadtims, when both ends of the
primary winding are switched to ground.
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S§G3525A SG3527A
OUTLINE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE
CASE 6848-08
ISSUER

e[ A —— NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
latalatuly VA3 5M, 182
-]

2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L. TO CENTER OF LEADS WHEN
FORMED PARALLEL.

o";g

4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
5. ROUNDED CORNERS CPTIONAL
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ANSI Y1, 1532
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SG3525A SG3527A

Motorola reserves the right to make changea without further notice to any products herein. Motcrola makes no warranty, representation or guarantee regarding
the sultabilty of its products for any particular purpase, nor dees Motorola assume any llability erising out of the application or use of any product or circult, and
specifically disclaims any and af llabllity, including without limitaticn consequential or incidental damages. “Typical® parameters which may be provided inMotorota
datasheets and/or specifications can and do very indifferent eppfications and actual performance may very over time, Alloperating paramaters, Including "Typlcals”
must be validated for each customer application by customer's technical experts. Motorola does not convey any licanse under its patant rights nor the rights of
others. Molorola products are not designed, Intended, or authorized for use as components In systems ntended for surgical implant into the bedy, o other
applications intended to supportor sustaln [ife, or forany other application in which the faflure of the Motorola product could create a situation whare personal injury
ordeath may occur. Should Buyer purchasa or use Motorola products for any such unintended orunauthorized epplication, Buyer shallindemnify and hold Motorala
and fis officers, employees, subsidiaries, affillates, and distributors harmless against ali claims, costs, damages, and expenses, and reasonable attomney fees
arising outof, directly or indirectly, any claim of personal Injury or death assoclated with suchunintendedorunauthorized use, even if such claim alleges that Motorola
was nagligent regarding the design or manufacture of the part. Motorola and @ reqistered trademarks of Motarola, Inc. Motorola, inc. Is an Equal
Opportunity/Affirmative Action Employer.

How to reach us:

USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Lid.; Tatsumi-SPD-ILDC, 6F Sefbu-Butsuryu-Center,
P.O. Bax 20912; Phoenix, Arizona 85036. 1-800-441-2447 or 602-303-5454 3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAXO@omail sps.mot.com - TOUCHTONE 602-244--6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Lid.; 8B Tel Ping Industrial Park,
INTERNET: hitp2//Design-NET.com 51 Ting Kok Road, Tal Po, N.T,, Hong Kong., 852-2¢529288
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l - .. . MUR20005CT

Micro Commercial Components

21201 Itasca Street Chatsworth TH RU

CA 91311

Phone: (818) 7014933

Fax: (818) 7014939 MURZOOGOCT
Features 200 Amp Supre Fast
e Supre Fast switching for high efficiency .
« High Surge Capability Recovery Rectifier
e |ow Leakage
o Low Forward Voltage Drop 50 to 600 Volts
¢ High Current Capability

Maximum Ratings FULL PACK

s Operating Temperature: -55°C to +175°C
s Storage Temperature: -55°C to +175°C

Maximum Maximum DC A
MCC Recurrent Maximum Blocking
Part Number | Peak Reverse | RMS Voltage Voltage — B K !
Voitage
UR20005CT 50V 35V 50V V4 @@@9 Q| ¢
MUR20010CT 100V 70V 100V ] [ —= T
MURZ0020CT 200V 40V 200V n— _/ — F N
MUR20040CT 400V 280V 400V

[MUR20060CT 600V 420V 600V b/

Hectrical Characteristics @ 25°C Unless Otherwise Specified ,
Average Forward triav) 200A | Te=135°C ¥ L
Current “ G E
Peak Forward Surge lFsm 800A |B.3ms, half sine
Current
Maximum
Instantaneous
Forward Volitage AEees

Vr Irm = 100.0A; penEs - -
20005CT-20020CT 1.25V A e W W L NOTE
20040CT-20060CT 1.76v | T,=25°C o 1 B

Waimim DC e mm R
Reverse Current At Ir 50pA [T, =25°C : i 'QIT‘I& *E T
Rated DC Blocking 6mA |T,=125°C N - T £ B 5.
VOItage ;'< mm-_m'u_;& sesml 10.41 2
Maximum Reverse : z'% o é‘: %
M
Recovery Time - .
20005CT-20020CT T 60ns [lz=0.5A, Iz=1.0A,

20040CT 75ns )I,=0.25A

20060CT 90ns
Typical Junction
CapasiatPr0000cT|  C, 575pF | Measured at

20040CT 300pF [ 1.0MHz, VR=10V

20060CT 275pF

*Pulse Test Pulse Width 300usec, Duty Cycle 2%

= WWw.mccsemi.com




MUR20005CT thru MUR20060CT

Figure 1
Typical Forward Characteristics
200
zookos T.40020C7 20@:@-&5001' Figure 2
100 ] —> Forward Derating Curve
v 220
60 ’ —~ ;
40 4 g 200
20 \‘
25°c/ 180 \
Amps 10 /- N\
i
6 ,’ ,’ 160
4 FAlI Amps
/ N
ﬁ 140 A\
2 J
1 / I 120 N
= Single Phage, Half Waye N
.6 to‘Ti
. \
4 ’ 0 50 100 180 200 150
) °C
’ Average Forward Rectified Current - Amperes versus
A Case Temperature - °C
06 0.8 1.0 1.2 14 1.6
Volts
Instantaneous Forward Current - Amperes versus
Instantaneous Forward Voltage - Volts
Figure 3
Junction Capacitance
100!
a00 I
—
400 —— ~J
200 %\__ .
PF 100 T21c SR | fzooogetiaopabds
60 tmdC
40 7nn§¢cT
2Q .
10
1 2 4 1 2 4 10 20 40 100 200 400 0
Volts
Junction Capacitance - pF versus
Reverse Voltage - Volts
* -
—— T ———— Jmeccecsemi.com




MURZ20005CT thru MUR20060CT

Figure 4

Typical Reverse Characteristics

$000

Figure 5

Peak Forward Surge Curment

40
2000

1000

100
70

60
50

pAmps 10

i
20

1

800

l 600 \

100 .

T.41259°C

1 2 4 6 810 20 40 60 80100

Cycles

Peak Forward Surge Current - Amperes versus

Number Of Cycles At 60Hz - Cycles

AT

T:3259

40

60 80
Volts

100

120 140

Instantaneous Reverse Leakage Current - MicrcAmperes versus
Percent Of Rated Peak Reverse Voitage - Volts
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IESCRIPTION: The Central Semiconductor BD135, BD137, and BD139 types are NPN Silicon Epitaxial

central

Semiconductor Corp.

145 Adams Ave., Hauppauge, NY 11788 USA
Phone (631) 435-1110 FAX (631) 4351824
Manufacturer of World Class Discrete Semiconductors

www.cantralsemi.com

o A e R 3 A s P i Fi

BD137
BD139

NPN SILICON TRANSISTORS

JEDEC TO-126 CASE

fTOREe T

'lanar Transistors designed for audio amplifier and switching applications.

IAXIMUM RATINGS: (T¢=25°C unless otherwise noted)

SYMBOL BD135 BD137 BD139 UNIT
'ollector-Base Voltage VcBO 45 60 100 \Y
'ollector-Emitter Voitage VCcEO 45 60 80 Vv
‘mitter-Base Voltage VEBO 5.0 A
'ollector Current Ic 1.5 A
'‘eak Collector Current lcm 20 A
'ase Current iB 0.5 A
'eak Base Current IBM 1.0 A
'ower Dissipation (Typ<70°C) Pp 8.0 w
'ower Dissipation (Tap=25°C) Pp 1.25 w
)perating and Storage
unction Temperature Ty Tstg -65 to +150 °C
‘hermal Resistance SJ-mb 10 *C/wW
hermal Resistance ©J4-A 100 *C/W
LECTRICAL CHARACTERISTICS (T¢=25°C unless otherwise noted)
BD135 BD137 BD139

YMBOL TEST CONDITIONS MIN MAX MIN MAX MIN MAX UNIT
CBO Vep=30V 100 100 100 nA
CBO Vep=30V, Te=125°C 10 10 10 HA
EBO VEB=5.0V 100 100 100 nA
3VCcEO Ic=30mA 45 60 80 \
/CE(SAT) Ic=500mA, |g=50mA 0.5 0.5 0.5 \
/BE(ON) VeE=2.0V, Ic=500mA 1.0 1.0 1.0 \Y
FE Vege=2.0V, lc=5.0mA 40 40 40
FE Vee=2.0V, Ic=150mA 63 250 863 250 63 250
FE VCe=2.0V, [¢=500mA 25 25 25
T VcEe=5.0V, Ic=50mA, f=100MHz 190 TYP 190 TYP 190 TYP MHz

BD135-10 BD135-16

BD137-10 BD137-16

BD139-10 BD139-16
sYMBOL, TEST CONDITIONS MIN  MAX MIN  MAX
FE VcE=2.0V, Ig=150mA 63 160 100 250

{SEE REVERSE SIDE)



BD135/ BD137 / BD139

NPN SILICON TRANSISTOR

JEDEC TO-126 CASE - MECHANICAL OUTLINE

BACKSIDE —/

i
[

-n
Q) —=

I |
wl M [J

N |

o N .

4

E
T

!

N

—

3

i
=

J—FMU
TH .

Lead Code:

1. Emitter
2. Collector
3. Base

Mounting Pad is Common to Pin 2

central
h Trel

Semiconductor Corp.

WE RSl P Hinopau,e BF 1 TRe TR
LG IR TR LR X S DR IR Wi L ]
ot i o At 1360 L9eiTisT Se ot oI

SN EN0IRIZE CEM

DIMENSIONS

INCHES

MILLIMETERS

SYMBOL

MIN | MAX

MIN | MAX

0.084 | 0.106

240 | 270

C.050

1.27

0.015 | 0.030

038 | 0.75

0.291 | 0.307

740 | 7.80

0.148

3.75

0.118 | 0.126

3.00 | 3.20

0.413 ] 0.435

10.50 | 11.05

0.618

15.70

0.025 | 0.035

064 | 0.80

0.089

2.25

0.177

4.50

0.045 | 0.055

1.14 | 1.39

zgrxuzom400m>

0.083

2.10

TO-126 (REV:R2)
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central |
BD140 K

Semiconductor Corp. i
145 Adams Ave., Hauppauge, NY 11788 USA PNP SILICON TRANSISTORS ;

Phone (631) 435-1110 FAX (631) 435-1824
Manufacturer of World Class Discrete Semiconductors
www.cenfralsemi.com

JEDEC TO-126 CASE

JESCRIPTION: The Central Semiconductor BD136, BD138, and BD140 types are PNP Silicon Epitaxial
'lanar Transistors designed for audio amplifier and switching applications.

IAXIMUM RATINGS: (Tc=25°C unless otherwise noted)

SYMBOL BD136 BD138 BD140 UNIT
'ollector-Base Voltage Vceo 45 60 100 Vv
'ollector-Emitter Voltage Vceo 45 60 80 Vv
:mitter-Base Voltage VEBO 5.0 \
sollector Current Ic 1.5 A
‘eak Collector Current IcMm 20 A
lase Current g 0.5 A
‘eak Base Current IBM 1.0 A
‘ower Dissipation (Tmp<70°C) Pp 8.0 w
‘ower Dissipation (T5=25°C) Pp 1.25 W
)perating and Storage
unction Temperature Ty Tstg -85 to +150 °C
‘hermal Resistance @J)-mb 10 *C/IW
‘hermal Resistance GJA 100 *Cw
ILECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise noted)
BD136 BD138 BD140

IYMBOL TEST CONDITIONS MIN MAX MIN MAX MIN MAX UNIT
CBO Vep=30V 100 100 100 nA
CBO Vep=30V, Tg=125°C 10 10 10 pA
IEBO VEB=5.0V 100 100 100 nA
3VCEO [c=30mA 45 60 80 \'
VCE(SAT) Ic=500mA, |Ig=50mA 0.5 0.5 0.5 \Y
VBE(ON) VCE=2.0V, Ic=500mA 1.0 1.0 1.0 \Y
FE ‘ VeE=2.0V, Ic=5.0mA 40 40 40
FE VegE=2.0V, Ic=150mA 63 250 63 250 63 250
FE VeE=2.0V, Ic=500mA 25 25 25
Fr ) VeE=5.0V, Ic=50mA, f=100MHz 160 TYP 160 TYP’ 160 TYP  MHz

BD136-10 BD136-16

BD138-10 BD138-16

BD140-10 BD140-16
3YMBOL TEST CONDITIONS MIN MAX MIN MAX
IFE Veg=2.0V, 1c=150mA 63 160 100 250

{SEE REVERSE SIDE)



BD136 / BD138 / BD140

PNP SILICON TRANSISTOR

JEDEC TO-126 CASE - MECHANICAL OUTLINE

A—l—-‘ |ent— —— [ —
t |
M
| F
/T oo
BACKSIDE ___J
‘ 1 2 3 1
- N -
J |
M
B— H— H
J—
C-—'—‘—
al |
.LK'j
L R2
Lead Code:
1. Emitter
2. Collector
3. Base

Mounting Pad is Common to Pin 2

central
Semiconductor Corp.

IS Lyl e Haw o, HY TR LR
o grig 3t grhoret i APty 4 30
Yoo izt nem 2 Ol lee Lasr s aerzmnL baotors

A LRSS0 ST

‘DIMENSIONS

INCHES

MILLIMETERS | -

SYMBOL

MIN | MAX

MIN | MAX

0.094 | 0.108

240 | 270

0.050

1.27

0.015 | 0.030

0.38 | 0.75

0.291 | 0.307

740 | 7.80

0.148

3.76

Q.1 18' 0.126

3.00 | 3.20

0.413 | 0.435

10.50 | 11.05

0.618

15.70

0.025 | 0.035

0.64 | 0.0

0.089

2.25

0.177

4.50

Z|E|r|R|<] x| O] m|o|O|w| >

0.045 | 0.055

114 | 1.39

0.083

2.10

TO-126 (REV:RZ)




National
Semiconductor

LM741
Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performanca over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their appli-
cation nearly foolproof: overload protection on the input and

August 2000

output, no latch-up when the common mode range Is ex-
ceeded, as well as freedom from oscillations.

The LM741C is identical to the LM741/LM741A except that
the LM741C has their perfermanca guaranteed cvera 0°'C to
+70°C temperature range, instead of -55°C to +125°C.

Features

Connection Diagrams

Metal Can Package

Note 1; LM741H is avallable per JM38510A0101
Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH
See NS Package Number HOBC

Ceramic Flatpak

e—e m—

+OFFSET NULL l:T _a_:l NC

=INPUT |:‘ LM741W ;:I v+

+INPUT=5 —T-':' CUTPUT
v-—— J—1 -oFFsET KULL
00334108
Order Number LM741W/883

See NS Package Number W10A

Typical Application

Offset Nulling Circuit

—

LM741

Dual-In-Line or S.0. Package

S
OFFSET NULL—] ¢ BJ=NC
INYERTING INPUT—{ 2 7=y
Nmi-mvmms-‘ 3 6 j=0UTPuT
INPUT
V=14 5 | OFFSET NULL

00334109

Order Number LM741J, LM741J/883, LM741CN
See NS Package Number JOBA, MOBA or NOBE

OUTPUT

00934107

© 2004 Natlonal Semiconductor Corporation DS009341

www.national.com
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LM741

(Note 7)

Supply Voliage

Power Dissipation (Note 3)

Differential Input Vohage

Input Voltage (Note 4)

Output Short Circuit Duration

Operating Temperature Range

Storage Temperature Range

Junction Temperature

Soldering Informaticn
N-Package {10 seconds)

J- or H-Package (10 seconds)

M-Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

Absolute Maximum Ratings qote 2)

H Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales Office/
Distributors for avallabllity and specifications.

LM741A
22V
500 mwW
+30V
=15V

Continuous
-55°C to +125°C
-65°C to +150°C

150°C

260°C
300°C

215°C
215°C

LM741
22V
500 mW
+30V
=15V
Continuous

-55°C 10 +125°C
-65°C 10 +150°C

150°C

260°C
300°C

215°C
215°C

LM741C
+18V

500 mwW
+30V
15V

Continuous
0°C to +70°C
-65°C to +150°C

100°C

260°C
300°C

215°C
215°C

See AN-450 "Surface Mounting Methods and Their Effect on Product Rellability” for other methods of

soldering
surface mount devices.
ESD Tolerance (Note 8) 400V 400V 400V
Electrical Characteristics (note 5)
Parameter Conditions LM741A LM741 LM741C Units
Min | Typ| Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Ta=25C
Rg < 10 kQ2 1.0 | 5.0 20| 6.0 mV
Rg < 50Q 0.8 3.0 mV
Tamn S Ta € Tanax
Rg < 500 40 mv
Rg < 10 kQ 6.0 75| mv
Average Input Offset 15 pvre
Voltage Dritt
input Offset Voltage Ta=25°C, Vg = £20V 10 +15 x15 mV
Adjustment Range
Input Offset Current T,.=25C 3.0 30 20 | 200 20 |200| nA
Taran < Ta € Tamax 70 85 | 500 300 [ nA
Average Input Offset 05 nA"C
Current Drift
Input Bias Current Ta=25C 30 80 80 | 500 80 | 500 nA
Tavan S Ta S Tamax 0.210 15 08| pA
Input Resistance Ta=25C, Vg = £20V 10 | 6.0 03| 20 03| 20 MQ
Tanan S Ta € Tamax: 0.5 MQ
) Vg = £20V )
Input Voltage Range T,=25C +12 | 213 v
Tamin S Ta S Tamax 12| x13 Vv

www.national.com




Electrical Characteristics (note 5) (Continued)

Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain | T, =25°C, R_ 22 kQ
Vg = £20V, Vg = 15V 50 vimV
Vg = £15V, Vg = £10V 50 | 200 20 | 200 vimV
Taman £ Ta <€ Tanmaxe
R, 22kQ,
Vg = 220V, Vg = 18V 32 Vimv
Vg = £15V, Vg = £10V 25 15 VimV
Vg = 25V, Vg = £2V 10 VimV
Output Voltage Swing Vg = 220V
R, 210kQ *16 A
B 22k +15 A
Vg = 215V
R, =10 kQ 12 | 214 =12 | £14 v
R z2kQ +10 | =13 +10 | 13 \'2
Output Short Circuit Ta=25C 10 | 25 s 25 25 mA
Current Tamin S Ta < Tamax 10 40 mA
Common-Mode Tamin < Ta S Tamax
Rejection Ratio Rg <10 kQ, Vo = 212V 70 | 20 70 | 90 dB
Rg S 50Q, Voy = £12V 80 | o5 dB
Supply Voltage Rejection Tanvn € Ta € Tamaxs
Ratio Vg = 220V to Vg = 25V
As < 50Q 86 96 dB
Rg <10 kQ 77 | 96 77 96 dB
Translent Response Ta = 25°C, Unity Gain
Rise Time 025| 0.8 03 0.3 us
Overshoot 6.0 20 5 5 %
Bandwidth (Note 6) Ta=25C 0437 | 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 03 | 0.7 0.5 0.5 Vius
Supply Cusrent Tp=25C 1.7 | 28 1.7 1 28| mA
Power Consumption Ta=25C
Vg = 20V 80 150 mwW
Vg =15V 50 85 50 85 mw
LM741A Vg = 220V
Ta = Tamn 165 mw
Ta = Tamax 135 mw
LM741 Vg = 215V
Ta = Tamin 60 | 100 mw
Ta = Tamax 45 | 75 mw

Nota 2: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate cond'tiona for which the device Is
functional, but do not guarantes specific perfermance limits.

www.national.com
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LM741

Electrical Characteristics (note 5) (Continued)

Note 3: For operaticn at elevated temperatures, these davices must be derated based on thermal resistance, and T) mex. (lsted under “Absolute Maximum
Ratings™). T] aTa+ (a]A PD)'

Thermal Resistance Cerdip (J) | DIP (N) | HO8 (H) | SO-8 (M)
8,», (Junction to Ambient) 100°C/W | 100°CW | 170°C/W | 195°CW
§c (Junction to Case) N/A N/A 25°CW N/A

Note 4: For supply voltages less than +15V, the absolute maximurn input voitage I equal to the supply voltage.

Note 5: Unless otherwise specified, these specifications epply for Vg = 215V, -55°C S T, € +125°C (LM741/LM741A). For tha LM741C/LM?41E, these
specifications are limited to 0°C S Ta S +70°C.

Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time{ps).
Note 7: For military specifications sea RETS741X for LM741 and RETS741AX for LM741A.
Note 8: Human body madel, 1.5 k€l in serles with 100 pF.

Schematic Diagram

7
- - - v
08 o mz/l a3
b'e 'w a4
3 2 INVERTING
NON-INYERTING s
(4] Q2 < RS
mmT lNPUT :: SBK ""'
R? Q15
45K
> Tk,
111 P > RO
A N 75K 2=
"A'A'
1 g
q o7 als =OUTRUT
|\‘ S Ri0
< 50
{ 17
Qs Q1o N
os\l —ﬁn oz:/{ ano
OFFSET NULL — 5 OFFSET
NULL
R1 < R3 R2 R4 1’ R12 F.4 R11
1k S50k 31K 5K 5Kk 3 s
4. -
00634901
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Physical Dimensions inches (milimeters)

unless otherwise noted
0.350-0.370
F"“(n.—s‘.m)"l
DlA -
0.316-0.335 | .

- *1 {8.001—8.500)

MAX
0.025
0,185 —0.188 UNCONTROLLED

A
0.635
Am-Em] | [‘ ) Lean oin
Y ¥

REFERENCE PLANE ‘ Tn o —— ———— SEATING PLANE

e " ? 4 oos-0mm

T 0381 -1.078)

= "0

_.“‘_ 0.016 - 0019

(D.408 - 10.408 —0.433) 4!3)
0.185-0.205 DIA
0.100 {3.853-5.207) P.L.

0.416—-0.148
(2.921-3.683)
DIA

(@ n1-nau)\${<

45" EQUALLY
SPACED
Metal Can Package (H)
Order Numbser LM741H, LM741H/883, LM741AH/883, LM741AH-MIL or LM741CH
NS Package Number H0O8C

HC (REV )

WiN
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LM741

Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

0.290
0.520 |

0.180

MAX

]
O —

[\

0.310 \

2.410 k’|
0.008
0.012 7P

ROOIO TP [T o400 WX
=1 171 [&] [51
1
) 0.220  0.310 MAX
/ o.isl on.is
R0.025 TYP TG
—~ b ooes™
N / SEALANT
-f_ 1 1 1 ./I
oo | o
L

0,085 MAX —
BOTH ENDS

Ceramic Dual-In-Line Package (J)
Order Number LI741./883
NS Package Number JOSA

0.312—0.400
(9.474 - 10.18)

0.150

| 0.125 MIN
: 0.200 |

90°44° TYP

0.018 £0.003 TYP

] )
J |——o.1oo:o.o10 e

! 2.032+0.003
v A . ) [TEETRE)
- 0.280 0.0 RAD
FIN NI, 1 (DENT i (E38:£0.927) FIN K. 1 IDENT-
QpTiON 1 ¥
1) 2] 2] 2]
0.250 0.040 OPTION
™ ™ [T am o hom ™ 2 188 -0.200 :
g Qo020 | 0T it l 1] 12.659-8.080)
[7.62-8.128) { ==/
: ; * == 4  namioom JV 1
_ TT 111 ¥ ez
. ) f_, 01251180 f
o RIS R
0.009—0.018 = (1881 90° k40 0.
o e e g-l‘m ™ MIN
aoa et £.018:0.003
03201y ooy {L.4b7:£0.076)
T 0.100:£0.010
(ama ) T~ eszoas
0.045::0.015 —
1143£0.381) __‘ 0.080
0.080 AT
m—' j— RBH(REY Py
Dual-In-Line Package (N)
- Order Number LM741CN -
NS Package Number NOSE

408 (BEV K)
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0,270 MAX
0.050 £0.005 —--l I—— ~»] [<~ 0.005 MIN TYP

8

0.370
0.250

0.080 oy e
0.055
0.035 | 1l e
0.0256 10
TYP
0.270 MAX
GLASS
[
DETAIL A —/'{
PIN @1
IDENT \
0.006
0.004 0018
TP .
0.015 177

L

0,260
0,238
j 0.012
0.008
1 DETAIL A
0.370
0.250
5 W10A (REY E}

0.045 NAX
1P

10-Lead Ceramic Flatpak (W)
Order Number LM741W/883, LM741WG-MPR or LM741WG/B83
NS Package Number W10A

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without nofice to change said circuitry and specifications.

For the maost current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR

CORPORATION. As used herein:

1.

Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body, or
{b) support or sustain life, and whoss failure to perform when
properly used in accordance with instructions for use
provided in the [2beling, can be reasonably expscted to resuit
in a significant injury to the user.

2. A critical component is any component of a life support

device or system whose failure to perform can be reasonably
expecled to cause the failure of the iife support device or
system, or to affect its safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products Stewardship
Specification (CSP-8-11 1C2) and the Banned Substances and Materials of Interest Specification (CSP-9- 11182) and contain no “Banned
Substances” as defined in CSP-9-11182,

National Semlconductor
Amaericas Customer

Support Center

Emall: new.feedback@nsc.com

Tel: 1-800-272-8859

www.national.com

National Semiconductor
Europe Customer Support Center
Fax +49 (0) 180-530 85 86
Emall: europa.suppon@nse.com
Deutsch Tel: +42 (0) 69 9508 6203
English Tel: +44 (0) 870 24 0 2171
Frangals Tel: +33 {0) 141 81 8780

Netiona! Semlconductor National Semlconductor

Asla Pacific Customsr Japan Custemer Support Center
Support Center Fax: 81-3-5639-7507

Emall: ap.cuppant @nsc.com Email: Jpn.leedback@nse.com

Tel: 81-3-5839-7660
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